Objectives: The purpose of this study is to evaluate the efficacy of annual zoledronic acid treatment in Japanese patients with nonmetastatic prostate cancer during androgen deprivation therapy (ADT). Methods: This is a single institution 12-month study. Between 2016 and 2019, patients aged 70 years or older on ADT for nonmetastatic prostate cancer had bone mineral density (BMD) measured and 10-year probability of fracture calculated using fracture risk assessment tool (FRAX). Patients who showed osteopenia or had a 10-year hip fracture risk ! 3% or a 10-year probability of major osteoporotic fracture ! 20% were offered treatment with zoledronic acid 5 mg intravenously (ZA group). The patients who did not receive treatment were set as the control group. Lumbar and hip BMD were measured 6 and 12 months after treatment in the ZA group and 12 months after baseline in the control group. The yearly BMD change of both groups was compared. Results: The mean ages of the ZA group (n ¼ 26) and control group (n ¼ 12) were 80.5 ± 9.1 and 76.1 ± 6.7 years, respectively. In the ZA group, lumbar and hip BMD changes at 12 months were þ2.1% and þ0.8%, respectively. In the control group, lumbar and hip BMD changes were À0.9% and À4.9%, respectively. There were statistically significant differences between the 2 groups in BMD percent changes (P < 0.05). Conclusions: Without intervention, BMD tends to continue to decrease during ADT. Our findings suggest that administration of zoledronic acid enables maintenance of BMD in the older adults.
Introduction
Prostate cancer (PCa) is the most commonly diagnosed male cancer in developed countries. In many cases, older patients diagnosed with PCa are treated with androgen deprivation therapy (ADT) [1] . Patients undergoing ADT for PCa are often at risk for agerelated adverse events, such as fracture. Previous studies have indicated that ADT-associated bone loss occurs early in the course of ADT, and ranges from 2% to 4% [2, 3] . Bone mineral density (BMD) reduction during ADT increases the risk of fracture and is an important health problem for older PCa patients [4, 5] .
The National Comprehensive Cancer Network guidelines for PCa states that patients on ADT are at greater risk for clinical fracture [6] . They recommend BMD measurement and fracture risk assessment tool (FRAX) calculation for osteoporosis screening according to the National Osteoporosis Foundation guidelines for the general population [7] . Treatment with either denosumab, zoledronic acid, or alendronate sodium is recommended when the absolute fracture risk warrants drug therapy [6] . The FRAX score developed by the World Health Organization (WHO) is a fracture risk assessment tool to predict the 10-year probability of hip and major fractures. It is a computer-based algorithm and the 10-year probability is calculated according to age, sex, BMD, and clinical risk factors [8] . We measured BMD and FRAX scores to evaluate the fracture risk of nonmetastatic PCa patients receiving ADT without intervention for osteoporosis. Additionally, we offered zoledronic acid treatment for the patients with risk of fracture.
Recent studies have shown efficacy of antiosteoporotic therapy, such as alendronate, pamidronate, risedronate, and zoledronic acid in maintaining or increasing BMD in patients on ADT [9e12]. In particular, zoledronic acid can increase the BMD by once yearly intravenous administration [11] . We chose zoledronic acid for antiosteoporotic therapy to preserve BMD. We investigated the efficacy of zoledronic acid in preventing ADT-induced bone loss.
Methods
This is single institution prospective study. Between 2016 and 2019, we enrolled Japanese patients aged 70 years or older who were undergoing ADT for nonmetastatic PCa. All the patients were treated with a gonadotropin-releasing hormone (GnRH) analogue or GnRH plus bicalutamide or flutamide. None of the patients had been screened for osteoporosis. All the participants were identified histologically as having prostate adenocarcinoma. The participants were also confirmed to have no evidence of metastasis on radiographic imaging. Patients with chronic kidney stage 3 or higher, metabolic bone disease, or history of osteoporosis or osteopenia were excluded.
At the time of osteoporotic screening, lumbar and hip BMD were measured by dual-energy X-ray absorptiometry fan-beam bone densitometer (Lunar Prodigy; GE Healthcare, Chicago, IL, USA) and the 10-year fracture probability was calculated. The FRAX tool (available at http://www.shef.ac.uk/FRAX/tool.jsp?lang¼en) was used to calculate the 10-year probabilities of major osteoporotic and hip fractures. Calculations were performed with each patient's body mass index. The WHO BMD T-score criteria were used for classifying osteoporosis and osteopenia [13] (osteoporosis, Tscore À 2.5; osteopenia, À2.5 < T-score < À1.0; and normal, Tscore ! À 1.0). The T-score was calculated from a Japanese male reference database [14] . All patients with osteoporosis were considered to have secondary osteoporosis due to PCa and ADT. Treatment intervention was indicated for patients with a BMD Tscore lower than À1.0. Patients with a 10-year probability of major osteoporotic fracture risk ! 20% or a hip fracture risk ! 3% were also offered treatment, regardless of BMD T-score. The patients who consented to treatment were administered zoledronic acid 5 mg intravenously.
The patients treated with zoledronic acid (ZA group) had lumbar and hip BMD measured at 6 and 12 months after treatment. Patients who did not receive zoledronic acid (control group) had their BMD measured at 12 months after screening.
The background of patients in both groups and the BMD changes between the 2 groups were evaluated by the Mann-Whitney U test. BMD change from baseline to 12 months was examined with the paired t-test with a 2-sided significance level set at P ¼ 0.05.
This study was approved by the Institutional Review Boards at Toyohashi Municipal Hospital (TMH-1864). This study was conducted in accordance with the 1964 Declaration of Helsinki for research involving human subjects. Informed consent was obtained from all the participants before BMD screening and treatment intervention.
Results
Sixty patients had their BMD measured and FRAX score calculated. Thirty-three patients (55%) had osteopenia or osteoporosis (BMD T-score < À1.0). The 10-year major osteoporotic fracture rate of 14 patients (23%) exceeded 20%. The 10-year hip fracture rate of 58 patients (97%) exceeded 3%. After osteoporotic screening, 26 patients agreed to receive zoledronic acid (ZA group). Among them, 20 patients completed BMD measurements 12 months after intervention. Twelve patients in the control group had BMD measurements 12 months after screening. The characteristics of the patients are shown in Table 1 . There were significant differences between the groups in age, baseline BMD, and FRAX score. The ZA group was older than the control group and had lower baseline BMDs and higher FRAX scores. Table 2 shows changes in BMD 1 year after administration of zoledronic acid. The lumbar BMD of the ZA group increased by 1.60% (P < 0.01) from baseline to 6 months after treatment, and increased by 2.10% at 12 months after treatment (P < 0.01). The lumbar BMD of the control group had decreased by 0.85% 12 months after baseline. The hip BMD of the ZA group increased by 1.41% (P ¼ 0.03) at 6 months, and by 0.82% (P ¼ 0.07) at 12 months. The hip BMD of the control group decreased by 4.9% (P ¼ 0.001) at 12 months. There was a statistically significant difference between the groups in the percent change in BMD at 12 months (Fig. 1 ).
Discussion
Although many studies have examined the BMD improvements with zoledronic acid during ADT, there are few reports specific to older Japanese patients with PCa. To our knowledge, this is the first report which examined the efficacy of zoledronic acid for nonmetastatic PCa patients receiving ADT. Previous studies have reported that BMD decreases by 2%e8% in the first year after ADT initiation [3, 4] . However, there are no specific criteria for intervention methods or treatment for osteoporosis during ADT.
It is thought that the BMD decreases with a longer treatment period. In our institution, we calculate the fracture probability before initiating ADT and evaluate the BMD every 6e12 months for patients undergoing ADT. In the present study, the control group continued ADT for 40 months, and the BMD decreased several percents per year. Furthermore, it is clear that aging is a risk for BMD loss, and we believe that older patients need active intervention for osteoporosis. We therefore consider that all men undergoing ADT for PCa should be assessed for risk of fractures. However, the optimal method and timing of osteoporosis intervention during ADT is unclear. In this study, BMD and FRAX scores were measured to screen for osteoporosis during ADT. The FRAX score was calculated as the patients undergoing ADT were considered to have secondary osteoporosis. In this study, we set the cutoff point for intervention as a 20% risk of a major osteoporotic fracture or a 3% risk of a hip fracture, according to the American National Osteoporosis Foundation Clinician's Guide to Prevention and Treatment of Osteoporosis [7] . Notably, almost all patients had a 10-year hip fracture risk which met treatment criteria. This tendency has been reported previously [15, 16] . However, whether FRAX-derived fracture probability fits ADT risk has not been established. Further, the intervention criteria for patients with normal BMD but high fracture risk are unclear.
The ZA group patients were older and had higher FRAX scores and lower baseline BMDs than the control group. Direct comparison between the 2 groups may be difficult due to these differences. However, it is well known that older age is associated with a higher fracture probability [16] . Further, many studies have shown no correlation between baseline BMD and response to osteoporosis treatments such as zoledronate and denosumab [16e18]. Moreover, since aging is a factor in BMD loss, the ZA group seems to have a higher risk of BMD loss compared to the control group. Improvement of lumbar BMD and maintenance of hip BMD in the ZA group are considered to have been gained from zoledronic acid administration. We have continued to administer zoledronic acid to the patients who have shown positive effects with this treatment.
The efficacy of zoledronic acid against osteoporosis has been demonstrated in a number of studies [11, 17, 19] . They reported BMD increase rates of several percent per year. The BMD change of the ZA group in this study was slightly lower than the rates seen in these earlier reports. It may be harder to increase BMD in older patients. This supports the importance of maintaining BMD in older patients by early intervention.
Our study has some limitations, including small sample size and non-randomization. Bone turnover markers were not evaluated in all the participants, and it was not possible to compare these markers between the 2 groups before treatment.
Conclusions
Annual intravenous administration of zoledronic acid was useful in BMD maintenance for older patients undergoing ADT for nonmetastatic PCa. Osteoporotic screening should be conducted for all patients undergoing ADT treatment and interventions should be offered as early as possible. Further studies are needed to determine the optimal use of FRAX as a screening tool in this population.
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